4 1. Introduction 48 Ionic liquids (ILs) are a group of chemical compounds composed of an organic cation 49 and an organic or inorganic anion, which have melting point below 100 o C. The salts based on 50 imidazolium or ammonium cations are among the two most popular and well-studied groups 51 of ILs (Coleman and Gathergood, 2010; Cvjetko Bubalo et al. 2014) . In the recent years, 52 however, the phosphonium-based ILs became popular due to relatively low costs of their 53 synthesis and relatively good thermal stability. Tetraalkylphosphonium ionic liquids are used 54 as solvents, catalysts, electrolytes and corrosion inhibitors (Fraser and MacFarlane 2009) . 55 This group of ILs has been used in industrial processes, such as the isomerisation of 3,4-56 epoxybut-1-ene to 2,5-dihydrofuran carried out by the Eastman Chemical Company (IL used 57 as catalyst) or the production of pharmaceutical intermediates by utilizing Sonogashira 58 coupling conducted by the Central Glass Co., Ltd., Japan (IL used as solvent) (Plechkova and 59 Seddon, 2007) . In general, ILs can be ecotoxic when they enter aquatic or terrestrial 60 ecosystems (Pham et al. 2010) . Several papers focused on the evaluation of the environmental 61 impacts of ILs (Ferlin et al. 2013a , 2013b , Liwarska-Bizukojc and Gendaszewska 2013 , Peric 62 et al. 2013 , Pernak et al. 2011 , Ventura et al. 2013 , Borkowski et al. 2016 . However, the 63 number of scientific reports studying the impact of ILs on the structure of indigenous 64 microbial communities inhabiting soil is still insufficient (Ławniczak et al. 2016) , as the 6 soil used in the experiments is characterized as fine grained silt loam type OL belonging to 114 organic silts and organic silty clays of low plasticity. The soil was stored in closed 5-L 115 polypropylene containers for one week at constant temperature equal to 20 o C. Prior to the 116 experiments, the soil was sieved and analyzed according to the procedures described by 117 Adeboye et al. (2011) . The composition and full characteristics of the soil can be found in 118 Sydow et al. (2015) . 119 120 2.3. Determination of sub-lethal concentrations 121 In order to assess the potential toxicity of the used ILs and estimate sub-lethal concentration 122 of each ILs which could be used in biodegradation tests (ion residues, CO 2 evolution) and 123 genetic assay (Illumina NGS), the preliminary test -seed germination assay -with the use of 124 grass species was conducted. The preliminary test was chosen to be carried out using plants, 125 as the most convenient method of toxicity assessment in soil. The EC 50 values (the 126 concentration of a chemical at which 50% of its effect is observed) of ILs were determined by 127 assessing seeds germination with increasing (total) concentrations (125; 250; 500; 1000;
Preparation of soil samples 137
The experiments in soil were carried out in sealed 1-L glass bottles (one bottle corresponds to 138 one sample), which contained 100 g of urban park soil and were not inoculated. The samples 139 were prepared as follows: 10 g of non-sterilized soil were added into bottles and then spiked 140 with a methanol solution (5 mL) of each IL to reach a final concentration equal to previously 141 determined EC 50 (i.e. 3010 -3960 mg kg -1 , which corresponds to 0.0237 -0.0401 [M]). Next, 142 methanol was evaporated with nitrogen. Afterwards, untreated soil in the amount of 90 grams 143 was added. The soil was later vigorously mixed. Finally, the microcosms were incubated at 144 20°C for 100 days. The set-up for the tests consisted of 18 samples contaminated with ILs 145 (i.e. 3 replicate samples for each IL), 3 additional samples for monitoring of the soil moisture 146 and 3 control samples (spiked only with methanol, which was then evaporated with nitrogen).
147
The base traps containing NaOH solution were placed inside each bottle (mostly to be used 148 for CO 2 evolution tests) to maintain full saturation in the microcosms, as it provided 149 equilibrium between the headspace phase and the soil. Therefore the moisture content of the 150 soil was constant during the experiments and was equal to 18 ± 2%. Each of the bottle 151 replicates was used for three different tests i.e. one bottle with soil was used for genetic assay 152 (20g of the soil was used for Illumina NGS assay) biodegradation test (0.5 g of the soil was 153 used for HPLC-MS analysis) and CO 2 evolution tests (base traps were placed inside the 154 bottles). After termination of the studies, one soil sample (20 g of soil) from each replicate was 178 collected. Afterwards, all samples belonging to the same set were homogenized and three 10 g 179 8 subsamples were collected from each set. These subsamples were stored at -80 ºC until 180 further processing (less than two weeks). Each subsample was subjected to extraction of total 181 DNA and further analyzes separately and the data obtained for each set of subsamples was 182 combined. Total DNA was extracted from 500 mg of each soil using Genomic Mini AX Soil The biodegradation experiments in soil were carried out in sealed 1-L glass bottles as 201 described in section.2.4. Therefore, the set-up for the tests consisted of 18 samples 202 contaminated with ILs (i.e. 3 samples for each IL), 3 additional samples for monitoring of the 203 soil moisture and 3 control samples (spiked only with methanol, which was then evaporated 204 with nitrogen). The microcosms were incubated at 20°C for 100 days. After 100 days, one soil 205 portion (0.5 g) from each bottle contaminated with IL was subjected to three-step ultrasound 206 assisted extraction with methanol (3 x 1 mL) and analyzed by HPLC-MS.
207
In order to include sorbed fraction of the used ILs onto soil matrix during calculation 208 of the ions residual masses, additional control tests with sterilized soil (to inhibit 209 biodegradation) contaminated with ILs were performed. First, the urban park soil was divided 210 into aliquots of 30 g, frozen, placed in sealed polyethylene bags and irradiated at 40,000 grey 211 using a 192 Ir source (Alef and Nannipleri 1995). Afterwards, a methanol solution (5 mL) of 212 9 selected IL was added to 10 g of sterilized soil. Next, methanol was evaporated and untreated 213 sterilized soil in the amount of 90 grams was added. Finally, samples were mixed vigorously.
214
The set-up for the sorption tests consisted of 18 samples contaminated with ILs (i.e. 3 samples 215 for each IL) and 1 additional sample for monitoring of the soil moisture. All of the samples 216 contained the base traps to provide constant moisture content of the soil (equal to 18 ± 2%).
217
After 100 days of incubation at 20 o C under sterile conditions, 0.5 g portion of soil from each 218 replicate was subjected to a three-step ultrasound assisted extraction with methanol (3 x 1 219 mL) and analyzed by HPLC-MS to determine the fraction of ILs that was not permanently 220 sorbed onto soil matrix. During the calculation of ions residual masses, it was assumed that The CO 2 evolution tests were carried out in the same sealed 1-L glass bottles as described in 
264
As can be seen in Figure 1 , after 100 days of incubation, residual ions (both cation and 265 anion) were detected in all contaminated soil samples (bromide anion was not investigated).
266
The presence of different anions had significant influence on the residual amount of the In order to elucidate mechanism determining the shape of community structure and Furthermore, in the case of [P 66614 ][N(CN) 2 ] (i.e. IL that was primarily degraded to the lowest 282 extent) respiration of the soil was significantly lower than in control sample, reaching 22.6 283 mmol of emitted CO 2 . The obtained results showed that the studied ILs generally did not 284 significantly inhibit the respiration activity of soil microbiota.
285
The biodegradation results showed that biodegradation of the studied phosphonium- 
294
The observed rapid biodegradation of [2, 4, 4] anion may also explain its low inhibitory effect 295 toward biodegradation of cation. Nevertheless, the CO 2 evolution results did not confirm full Sphingomonas (6.41%, p = 0.027) and Pseudomonas (6.72%, p = 0.014 
372
The Shannon's diversity estimates differed significantly (p < 0.05) among control and 373 the treatments, but also among some of the treatments, with a mean Shannon's index value of 374 1.33 (Table 2) . Moreover, the highest value of Shannon's index was obtained for control soil.
375
Additionally, the mean value of the observed OTU's was also significantly different among 376 control and ILs treated soils and reached a maximum value for control soil (1399) ( Table 2) .
14
The lowest value of OTU's and Shannon's index was determined for [P 66614 ][2,4,4] (OTU's = 378 965, Shannon's index = 0.73). In general, the introduction of the studied ILs contributed to 379 significant reduction of the microbial biodiversity in soil. The PCA plot of weighted Unifrac 380 distances indicate that the bacterial community structure changed significantly (p = 0.017) 381 upon treatment with the studied ILs compared to control soil (Fig. 4) 
Explaining changes in community structure and decrease in biodiversity 405
Basing on the genetic assay and biodegradation and CO 2 evolution experiments, it is 406 hypothesized that decrease in biodiversity is explained by a combination of two factors (i) a 407 toxic effect of the phosphonium-based ILs or their metabolites towards non-resistant 408 microbial taxa within the community, and/or (ii) an emergence of few ILs-degrading taxa, 409 which outcompeted the other unable to utilize ILs or their metabolites. In the first case, the 
